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            Abstract

            
               
Background: Evaluation of carotid bifurcation level and relationship of External Carotid Artery (ECA) with reference to adjacent anatomical
                  landmarks is important in planning various surgical and radiological procedures related to the carotid arteries. 
               

               Aims and Objectives:  The aim was to study the relationship of External Carotid Artery with reference to Adjacent Anatomical landmarks in cadavers.
                  
               

               Materials and Methods: 60 cadavers - 52 male and 8 female embalmed with 10% formalin were dissected over the period of two years for this study.
                  
               

               Results: The distance between the origin and the termination of ECA was found to be in the range of 25–70 mm on the right side and
                  in the range of 25–68 mm on the left side. The distance between the origin of ECA and the carotid tubercle was found to be
                  in the range of 23–50 mm on the right side and in the range of 22–48 mm on the left side. The distance between the origin
                  of ECA and the angle of the mandible was found to be in the range of 18–30 mm on the right side and in the range of 20–32
                  mm on the left side.
               

               Conclusions: The anatomical knowledge of relationship of External Carotid Artery with reference to adjacent anatomical landmarks is helpful
                  for vascular surgeons to plan surgeries and prevent complications during various diagnostic and therapeutic procedures.
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               Introduction

            Evaluation of carotid bifurcation level with reference to other adjacent anatomical landmarks is important in planning various
               surgical, radiological procedures related to the carotid arteries. Hence a cadaveric study of External Carotid Artery was
               conducted over the period of two years.
            

            The aim was to study the relationship of External Carotid Artery with reference to Adjacent Anatomical landmarks in cadavers.
               
            

            60 cadavers - 52 male and 8 female embalmed with 10% formalin were dissected over the period of two years for this study.

            ECA was found to arise at the level of upper border of lamina of thyroid cartilage in 24 (40%) cases each on the right and
               left sides and the distance between the origin of ECA (bifurcation of CCA) and the upper border of lamina of thyroid cartilage
               ranged from -20 to +13 mm on the right side and -30 to +15 mm on the left side. The distance between the origin and the termination
               of ECA was found to be in the range of 25– 70 mm on the right side and in the range of 25– 68 mm on the left side. The distance
               between the origin of ECA and the carotid tubercle was found to be in the range of 23 – 50 mm on the right side and in the
               range of 22 – 48mm on the left side. The distance between the origin of ECA and the angle of the mandible was found to be
               in the range of 18 – 30 mm on the right side and in the range of 20 – 32 mm on the left side. The mean internal diameter of
               ECA at its origin was 9.7 mm on the right side and 10.8 mm on the left side. The mean internal diameter of ECA at its termination
               was 3.9 mm on the right side and 3.8 mm on the left side.
            

         

         
               Aims and Objectives

            The aim was to study the relationship of External Carotid Artery with reference to Adjacent Anatomical landmarks in cadavers.

             The objectives were:

            
                  
                  	
                     To measure the distance between the site of origin of ECA [bifurcation of Common Carotid Artery (CCA)] and upper border of
                        lamina of thyroid cartilage.
                     

                  

                  	
                     To measure the distance between origin of ECA and the carotid tubercle/anterior tubercle of transverse process of 6th cervical
                        vertebra(Chassaignac’s tubercle).
                     

                  

                  	
                     To measure the distance between origin of ECA and the angle of the mandible.

                  

                  	
                     To determine the site of origin of ECA with reference to cervical vertebrae.

                  

                  	
                     To measure the internal diameter of ECA at its origin.

                  

                  	
                     To measure the internal diameter of ECA at its termination.

                  

               

            

         

         
               Materials and Methods

            After dissecting the External Carotid Artery from origin to termination, its branches were cleared and exposed properly. Then
               the distance between the site of origin of ECA (bifurcation of CCA) and upper border of lamina of thyroid cartilage was measured
               with the help of a thread, a divider and a scale as illustrated in the Figure  1. The carotid tubercle/anterior tubercle of transverse process of 6th cervical vertebra (Chassaignac’s tubercle) which is felt prominently was palpated. A pin was fixed on it to mark its location
               and then distance between origin of ECA and the carotid tubercle was measured with the help of thread and scale as illustrated
               in the Figure  2. The distance between origin of ECA and the angle of the mandible was measured as illustrated in the Figure  3. The cervical vertebrae were exposed as illustrated in the Figure  4 and the site of origin of ECA with reference to cervical vertebrae was determined.
            

            
                  
                  Figure 1

                  Illustration showing measurement of the distance between the site of origin of right ECA (blue arrow) and the upper border
                     of lamina of thyroid cartilage (green arrow)
                  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/affe1f56-94fd-462e-89e0-790d015ccde8/image/d7dca254-0a87-4dd7-8745-dc9ef193c021-uimage.png]

            

            
                  
                  Figure 2

                  Illustration showing measurement of the distance between the site of origin of right ECA (red pin) and the carotid tubercle
                     (green pin) [CB - bifurcation of CCA / origin of ECA, CT - carotid tubercle / Chassaignac’s tubercle]
                  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/affe1f56-94fd-462e-89e0-790d015ccde8/image/bd8a60c3-df6d-4a67-9b4e-24a4a68e268c-uimage.png]

            

            
                  
                  Figure 3

                  Illustration showing measurement of the distance between the site of origin of right ECA (blue arrow) and the angle of the
                     mandible (green arrow)
                  

                  [Am– angle of mandible]

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/affe1f56-94fd-462e-89e0-790d015ccde8/image/64c1580a-aa29-4370-867b-e958481f9e69-uimage.png]

            

            
                  
                  Figure 4

                  Illustration showing determination of the site of origin of right ECA with reference to cervical vertebrae

                  [CB(red pin) - bifurcation of CCA / origin of ECA; CT (green pin) - carotidtubercle / Chassaignac’s tubercle; C1, C2, C3,
                     C4 – cervical vertebrae]
                  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/affe1f56-94fd-462e-89e0-790d015ccde8/image/e69a3cf8-21cf-4536-a054-6ecf7899d45e-uimage.png]

            Then the external carotid artery was cut transversely at its origin and at its termination to measure the internal diameter
               of ECA at its origin and termination. The internal diameters were measured in two axes with the help of a divider and a scale
               as illustrated in the Figure  5, Figure  6. The average internal diameter was calculated and noted down.
            

            The data were statistically analysed for the purpose of comparison and correlation by calculating the Mean, Standard deviation
               and Range.
            

            
                  
                  Figure 5

                  Illustration showing measurement of the internal diameter of ECA at its origin

                  A: Transverse axis (red arrow) 

                  B: Antero-posterior axis (black arrow) 

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/affe1f56-94fd-462e-89e0-790d015ccde8/image/c472f447-22bb-41d4-850b-64e5f6cf7f09-uimage.png]

            

            

            
                  
                  Figure 6

                  Illustration showing measurement of the internal diameter of ECA at its termination 

                  A: Transverse axis (red arrow)

                  B: Antero-posterior axis(black arrow) 

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/affe1f56-94fd-462e-89e0-790d015ccde8/image/f4f2b6cb-8bd1-4117-b445-b0646e06b6b6-uimage.png]

            

         

         
               Results and Discussion

            
                  Origin of ECA with reference to upper border of lamina of thyroid cartilage

               Ribeiro, R. A et al. found that the distance of the CCA bifurcation from the superior border of the thyroid cartilage to be
                  varying from -0.8 (below the level) to + 1.9 cm (above the level), with an average of 0.9 ± 0.1 cm on the right side, with
                  no differences between sides.1 
               

               Sanjeev I K, Anita H, Ashwini M et al. in their study found that the level of origin of the external carotid artery was at
                  the superior border of the thyroid cartilage in 56.76% of the cases and it was found at a higher level (10-25mm above the
                  superior border of the thyroid cartilage) in 16.22% of the cases. In 27.02% of the cases, the origin of the external carotid
                  artery was found at a lower level (10-22 mm below the superior border of the thyroid cartilage). Developmentally, these variations
                  result from the persistence of the channels that normally disappear or from the disappearance of the normally persisting vessels.2

               In the present study, ECA was found to be arising at the level of upper border of lamina of thyroid cartilage in 24 cases
                  (on both right and left sides) and the distance between the origin of ECA (bifurcation of CCA) and the upper border of lamina
                  of thyroid cartilage ranged between -20 (below the level) to + 13 mm (above the level) on right side and - 30 to + 15 mm on
                  the left side.
               

               
                     
                     Table 1

                  

                  
                        
                           
                              	
                                 
                              
                              
                                 Studies
                                 
                              

                              
                           
                           	
                                 
                              
                              
                                 Distance between the origin of ECA (bifurcation of CCA) and upper border of lamina of thyroid cartilage (mm)
                                 
                              

                              
                           
                        

                        
                              	
                                 
                              
                              Ribeiro et al (2006)

                              
                           
                           	
                                 
                              
                               - 8 to +19

                              
                           
                        

                        
                              	
                                 
                              
                              Sanjeev et al (2010)

                              
                           
                           	
                                 
                              
                               -10 to +25

                              
                           
                        

                        
                              	
                                 
                              
                              Present study

                              
                           
                           	
                                 
                              
                               -20 to +13 (Right) -30 to +15 (Left)

                              
                           
                        

                     
                  

               

            

            
                  Origin of ECA with reference to the carotid tubercle

               In the present study, the distance between the origin of ECA and the carotid tubercle (Chassaignac’s tubercle was found to
                  be in the range of 23-50 mm on the right side and  22-48 mm on the left side. 
               

               
                     
                     Table 2

                  

                  
                        
                           
                              	
                                 
                              
                               Studies

                              
                           
                           	
                                 
                              
                              
                                 Distance between origin ECA and angle of mandible  (mm)
                                 
                              

                              
                           
                        

                        
                              	
                                 
                              
                               Ribeiro et al (2006)

                              
                           
                           	
                                 
                              
                               5-44

                              
                           
                        

                        
                              	
                                 
                              
                               Present study

                              
                           
                           	
                                 
                              
                               18-30 (Right) 

                              
                           
                        

                        
                              	
                                 
                              
                              

                              
                           
                           	
                                 
                              
                              20-32 (Left)

                              
                           
                        

                     
                  

               

               

               
                     
                     Table 3

                  

                  
                        
                           
                              	
                                 
                              
                              
                                 Vertebral level
                                 
                              

                              
                           
                           	
                                 
                              
                                 D. Anangwe (2008)

                              
                           
                           	
                                 
                              
                                Ribeiro et al (2006)

                              
                           
                           	
                                 
                              
                                 Present study

                              
                           
                        

                        
                              	
                                 
                              
                               Right (%)

                              
                           
                           	
                                 
                              
                               Left (%)

                              
                           
                           	
                                 
                              
                               Right (%)

                              
                           
                           	
                                 
                              
                               Left (%)

                              
                           
                           	
                                 
                              
                               Right (%)

                              
                           
                           	
                                 
                              
                               Left (%)

                              
                           
                        

                        
                              	
                                 
                              
                               C2

                              
                           
                           	
                                 
                              
                               12.5

                              
                           
                           	
                                 
                              
                               12.5

                              
                           
                           	
                                 
                              
                               60

                              
                           
                           	
                                 
                              
                               78

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               -

                              
                           
                        

                        
                              	
                                 
                              
                               C3

                              
                           
                           	
                                 
                              
                               38.8

                              
                           
                           	
                                 
                              
                               38.8

                              
                           
                           	
                                 
                              
                               40

                              
                           
                           	
                                 
                              
                               20

                              
                           
                           	
                                 
                              
                               21.67

                              
                           
                           	
                                 
                              
                               26.67

                              
                           
                        

                        
                              	
                                 
                              
                               C3- C4

                              
                           
                           	
                                 
                              
                               22.5

                              
                           
                           	
                                 
                              
                               22.5

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               31.67

                              
                           
                           	
                                 
                              
                               31.67

                              
                           
                        

                        
                              	
                                 
                              
                               C4

                              
                           
                           	
                                 
                              
                               7.5

                              
                           
                           	
                                 
                              
                               7.5

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               33.33

                              
                           
                           	
                                 
                              
                               36.67

                              
                           
                        

                        
                              	
                                 
                              
                               C4-C5

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               3.33

                              
                           
                           	
                                 
                              
                               0

                              
                           
                        

                        
                              	
                                 
                              
                               C5

                              
                           
                           	
                                 
                              
                               2.5

                              
                           
                           	
                                 
                              
                               2.5

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               5

                              
                           
                        

                        
                              	
                                 
                              
                               C6-C7

                              
                           
                           	
                                 
                              
                               3.75

                              
                           
                           	
                                 
                              
                               3.75

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               -

                              
                           
                        

                     
                  

               

               

               
                     
                     Table 4

                  

                  
                        
                           
                              	
                                 
                              
                              
                                  Studies
                                 
                              

                              
                           
                           	
                                 
                              
                              
                                 Internal diameter of ECA at origin (mm)
                                 
                              

                              
                           
                        

                        
                              	
                                 
                              
                                Right

                              
                           
                           	
                                 
                              
                                Left

                              
                           
                        

                        
                              	
                                 
                              
                                Ribeiro et al (2006)

                              
                           
                           	
                                 
                              
                               7.3± 0.2

                              
                           
                           	
                                 
                              
                               7.1±0.2

                              
                           
                        

                        
                              	
                                 
                              
                               Present study

                              
                           
                           	
                                 
                              
                               9.7±2.1

                              
                           
                           	
                                 
                              
                               10.8±14.5

                              
                           
                        

                     
                  

               

               

               
                     
                     Table 5

                  

                  
                        
                           
                              	
                                 
                              
                               Studies

                              
                           
                           	
                                 
                              
                              
                                 Distance between origin of ECA and its termination (mm)
                                 
                              

                              
                           
                        

                        
                              	
                                 
                              
                               Sanjeev et al (2010)

                              
                           
                           	
                                 
                              
                               60

                              
                           
                        

                        
                              	
                                 
                              
                               Present study

                              
                           
                           	
                                 
                              
                               25 – 70 (Right) 25 – 68 (Left)

                              
                           
                        

                     
                  

               

            

            
                  Origin of ECA with reference to the angle of the mandible

               Ribeiro, R. A et al found that the distance of the CCA bifurcation from the angle of mandible was in the range of 0.5 - 4.4
                  cm below the angle, with an average of 1.7 ± 0.2 cm.1

               In the present study, the distance between the origin of ECA and the angle of the mandible was in the range of 18-30 mm on
                  the right side and  20-32 mm on the left side.
               

            

            
                  Origin of ECA with reference to cervical vertebrae

               D. Anangwe, H. Saidi, and K.O. Awori studied the level of bifurcation of the common carotid artery by dissecting 80 carotid
                  arteries of 40 cadavers. They found higher level of bifurcation in 63.8% cases. The most common levels of bifurcation were
                  at the level of C3 vertebral body (38.8%). They said that high common carotid bifurcation is at a higher risk of impingement
                  by intra-articular screws during procedures on cervical vertebrae. The most common low bifurcation was at C4 vertebral level
                  in 7.5% cases. Also in 22.5% cases, the level of bifurcation was at the C3-4 intervertebral disc level and in 25% cases, terminations
                  were higher than C3/C3-4 level. They also recorded that the external carotid artery was antero-lateral to the internal carotid
                  artery in 30% of the cases. Further they concluded that caution must be taken by clinicians during surgical procedures in
                  the neck because of variability in normal anatomy of ECA.3 
               

               Ribeiro, R. A et al. found that on the right side, 40% of the CCA bifurcation was at the 3rd cervical vertebral level while in 60% cases it was at 2nd cervical vertebral level. On the left side, CCA bifurcation was at the 4th cervical vertebral level only in one case, 20% cases, bifurcation was at C3 level and in 78% cases it was at C2 level. They
                  found the difference between origin and bifurcation levels in the same side.1

               In the present study, origin of ECA at the level of C4 vertebra was found in 20 cases on the right side and 22 cases on the
                  left side.
               

            

            
                  Internal diameter of ECA at its origin

               Ribeiro, R. A et al. found that the diameter of ECA on the right side was 0.73±0.02 and on the left side it was 0.71± 0.02.1 
               

               In the present study, it was found that the range of internal diameter of ECA at its origin was 4.9–15 mm on the right side
                  and 4.5–13 mm on the left side.
               

            

            
                  Internal diameter of ECA at its termination

               In this study, the internal diameter of ECA was measured at its termination and it was found to be in the range of 1.9–7 mm
                  on the right side and 1.7–7.5 mm on the left side. The mean diameter was 3.9 mm on the right side and 3.8mm on the left side.
               

            

            
                  Termination of ECA

               According to Sanjeev et al., the level of termination of ECA was found to be at the neck of the mandible in 67.57% of the
                  cases and below the level of neck of the mandible in 32.43% of the cases. The average distance of the termination of the external
                  carotid artery from the origin was 60 mm.2 
               

               In the present study, the distance between the origin of ECA and its termination was found to be in the range of 25–70 mm
                  on the right side and 25–68 mm on the left side.
               

               It was found that the distance between the origin of ECA and its termination was in the range of 25–70 mm on the right side
                  and 25–68 mm on the left side.
               

               However in one case on the left side, the ECA was terminating by trifurcating into maxillary artery, posterior auricular artery
                  and transverse facial artery. In this case, the superficial temporal artery was arising from ECA proximal to the point of
                  termination and it was found that the distance between the site of origin of ECA and the site of origin of STA was 45 mm.
               

            

         

         
               Conclusion

            The anatomical knowledge of relationship of External Carotid Artery with reference to adjacent anatomical landmarks is helpful
               for vascular surgeons to plan surgeries and prevent complications during various diagnostic and therapeutic procedures.
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